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DESCRIPTION 



Shielding for an X-ray detector 



The invention relates to an X-ray detector with detector elements arranged in a layer, 
wherein every detector element comprises a sensor unit and a shielded processing circuit 
5 coupled thereto. 

An X-ray detector of the kind mentioned above may for example be employed in a 
CT-device. The individual detector elements of such an X-ray detector each generate the 
image signal of one picture element (pixel). Due to the arrangement of processing circuits 
10 in every pixel it is necessary to protect the electronics from interference and damage by 
incident X-rays. This protection may be achieved by a grid-shaped shielding made of lead 
or another suitable material disposed in front of the processing circuits. 

Furthermore, an X-ray detector is known from the WO 03/044563 Al where electronic 
15 circuits arranged next to an array of photo sensors are shielded by coverings of lead and by 
a collimator arranged above the sensor array- 
It was an object of the present invention to provide an improved X-ray detector of the kind 
mentioned above with integrated electronics in the pixel which shows a higher sensitivity. 

20 

This task is solved based on a new approach to shielding issues by an X-ray detector with 
the features of claim 1 or 12. Preferred embodiments are subject to the dependent claims. 

The X-ray detector in accordance with the invention comprises detector elements that are 
25 distributed in a layer or substrate. Typically the detector elements are arranged in a regular, 
preferably rectangular raster. Every detector element corresponds to one picture element 
(pixel) of images generated by the X-ray detector. The detector elements each comprise a 
sensor unit for the conversion of radiation into an electric signal. Moreover they comprise 
an electronic processing circuit coupled to the sensor unit for the postprocessing of the 
30 electric signals generated by the sensor unit. A shielding of variable shielding effectiveness 
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(or shield factor) is arranged in front of the processing circuit or at least in front of regions 
of the processing circuit that have to be protected against X-radiation. In this context, the 
term "in front of refers to the direction of incidence of X-rays. This means that the 
shielding is disposed on that side of the processing circuits which faces the X-radiation, e.g. 
5 on top of the processing units if X-radiation comes from above. Thus the X-radiation is 
absorbed in the shielding before it reaches vulnerable parts of the processing circuit. In 
contrast to known detectors, the shielding effectiveness is not the same in all places in front 
of the processing circuit, but variable. Thus it may be fitted to the locally needs of different 
regions of the processing circuit. 

10 

A varying shielding effectiveness may be achieved in different ways. The shielding may for 
example be composed (continuously or discretely) of different materials with different ab- 
sorption coefficients for X-rays. The choice of a certain material in a certain place of the 
shielding may in this case be based on its shielding effectiveness and other aspects like 

15 weight, processibility, price etc. Preferably a varying shielding effectiveness will however be 
achieved by a varying effective thickness of the shielding (which may of course be com- 
bined with in inhomogeneous shielding material). The "effective thickness" is defined and 
measured in this case as the geometrical thickness of the shielding in the direction of X-ray 
incidence. In contrast to known detectors, the effective thickness of the shielding is not the 

20 same in all places in front of the processing circuit, but variable. Thus it may be fitted to 
the locally needed shielding effectiveness of different regions of the processing circuit. In 
particular a minimal effective thickness of the shielding in front of each region of the pro- 
cessing circuit can be chosen such that the provided shielding is just sufficient. In this case 
the shielding occupies a minimal volume only, and absorption of X-rays that is not neces- 

25 sary for the protection of the electronics is avoided. This in turn maximises the yield of 
X-ray quanta that are detected by the sensor units. 

In accordance with a preferred embodiment of the X-ray detector a scintillator unit is dis- 
posed in front of the sensor unit in each detector element. As above, the term "in front of f 
30 is defined here with respect to the incidence of X-rays. The scintillator unit converts X-rays 
into photons of visible light that can be detected by photosensitive sensor units. 
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Preferably the scintillator units mentioned above and the shieldings of the processing cir- 
cuits are arranged together in a common layer without gaps between them. As the shielding 
can be reduced to a minimal volume due to its variable effective thickness, the volume of 
the scintillation material in turn can be maximised. Thus the yield of detected X-ray quanta 
5 is maximized. 

The form or shape of the shielding can in principle be arbitrary. Preferably the shielding is 
formed as a section (profile), i.e. a spatial form whose cross section is constant in one spatial 
direction. Sections can be produced comparatively simple and economical, for example by 
10 means of an extrusion process. Moreover it is possible to arrange sections continuously 
along the rows and/or columns of a matrix-shaped X-ray detector. In this case one section 
can provide the shielding for a great number of detector elements. 

In accordance with a preferred embodiment the section consists of a spatially shaped stripe 
15 of some shielding material. Such a section can be produced especially simply by bending a 
stripe that is initially flat into a desired spatial shape. 

Moreover, the section can be L-shaped, i.e. have an L-shaped cross section. The L-shape 
can particularly be achieved by bending a stripe of some shielding material. 

20 

Furthermore the section can be trapezoidal or triangular, i.e. have a trapezoidal/triangular 
cross section. A triangular cross section can be regarded as a special case of a trapezoidal 
section in this case (i.e. trapezoid with one side of length zero). Due to the sloped sides of a 
trapezoid the effective thickness of the shielding changes continuously, thus implementing 
25 a continuously varying shielding effectiveness . 

All materials that show a sufficiendy high absorption coefficient for X-radiation of a given 
energy and that can be processed comparatively well can be used as a material for the 
shielding. Particularly suited materials comprise lead (Pb), tungsten (W) molybdenum 
30 (Mo), tantalum (Ta), titanium (Ti) and/or other substances with high atomic weight (Z 
number). Moreover, salts like barium sulphate (BaSO^, barium carbonate (BaC0 3 ), bar- 
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ium oxide (BaO), lead carbonate (PbCO^, lead chloride (PbCLj), lead sulphate (PbSOJ, 
titanium oxide (TiOa) and/or zinc oxide (ZnO) can be used in a shielding. 

The shielding may consist exclusively of one of the materials mentioned above or a compo- 
5 sition (e.g. an alloy) of several of these materials. Alternatively at least one of the materials 
may be embedded in a carrier like a plastic or an epoxy-resin. In this case, the shielding 
effectiveness will be determined by the volume ratio between said material and the carrier. 

The sensor unit of the detector elements can especially contain a photodiode with which 
10 photons coming from a conversion material can be detected. Such a photodiode can par- 
ticularly be implemented as an integrated CMOS-circuit (cf. US 6 292 528 Bl, 
US 6 324 244 Bl). Furthermore, the sensor units and the processing circuits may be ar- 
ranged in a common substrate or layer, i.e. a "chip". 

1 5 Moreover, the invention relates to an X-ray detector with detector elements arranged in a 
layer or substrate, the X-ray detector comprising a layer of scintillator units disposed in 
front of a layer of sensor units. In this context the term "in front of f is ag?rin defined with 
respect to the incidence of X-rays. The scintillator units of the detector are separated from 
each other by a spacer or shielding that has a high shielding effectiveness with respect to 

20 X-rays and a high reflectivity with respect to photons produced in the scintillator units. 

The shielding effectiveness may particularly be achieved by a shielding material with a high 
absorption coefficient for X-rays, e.g. like the absorption coefficient of Pb or W. Said re- 
flectivity for photons may particularly be higher than 70 %, preferably higher than 90 %. 
The shielding may be a composite comprising a kernel material with high absorption coef- 

25 ficient for X-rays, e.g. barium sulphate (BaS0 4 ), and a surface coating with a high reflec- 
tivity for photons, e.g. polyvinylidene fluoride (PVDF). 

The proposed X-ray detector has the advantage to protect sensitive elements against po- 
tentially harmful X-rays and to prevent cross talk between different sensor units while 
30 maximising light output of the scintillator elements as light is reflected back into the adja- 
cent scintillator unit. The detector may preferably comprise all or some of the features of an 
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X-ray detector of the kind described above, Le. have a shielding of variable effectiveness for 
pixel electronics etc. 

In the following the invention is described by way of example with the help of the accom- 
5 panying drawings in which: 

Fig, 1 a perspective view of a first embodiment of an X-ray detector with L-shaped shield- 
ings; 

1 0 Fig. 2 is a side view of one detector element of the detector of figure 1 ; 

Fig. 3 is a side view of an alternative detector element for an X-ray detector. 

15 In figure 1 a part of an X-ray detector 10 is schematically represented in a perspective view. 
The X-ray detector 10 consists of a great number (typically several thousand) of detector 
elements 1 arranged in rows and columns, of which only 25 are depicted in the drawing. 
Every detector element 1 corresponds to a picture element (pixel) of images produced with 
the detector 10. 

20 

As figure 2 shows more clearly, each of the detector elements 1 is built up in two layers. A 
(with respect to the direction of arrival of X-rays X) "backward" layer contains a photodi- 
ode 5 and a corresponding electronic processing circuit 4. The photodiode 5 and the cir- 
cuit 4 can particularly be implemented in CMOS technology on the same substrate. The 

25 layer left or (with respect to the direction of arrival of the X-rays X) "in front of the pho- 
todiode 5 and the processing circuit 4 comprises a scintillation element or crystal 2 as well 
as a shielding 3. The scintillator element 2 consists of a suitable scintillation material as for 
example CdW0 4 , GOS (GcL^S). It is used for converting incident X-ray quanta X into 
photons v of visible light. Those photons v which reach the photodiode 5 generate an 

30 electric signal there. This electric signal is processed by the circuit 4 and read out in some 
manner that is known to the skilled artisan and must not be explained in more detail here. 
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The shielding 3 is used for protecting the processing circuit 4 located behind it against 
harmful and/or disturbing X-rays. For this purpose the shielding 3 is produced of a mate- 
rial with high absorption coefficient for X-radiation. A further function of the shielding 3 is 
to absorb and/or preferably to reflect photons v produced in the scintillator element 2. In 
5 this way it is prevented that such photons v reach the photodiodes of neighbouring 

detector elements, Le. produce cross talk which would lead to an erroneous spatial assign- 
ment of the detected radiation and thus to a degraded image quality. A reflection of the 
photons back into the scintillation element 2 prevents the photon from being lost for de- 
tection and thus maximises the light yield. Therefore, the surface reflectivity of the shield- 
10 ing 3 for visible light should be as high as possible. 

The best shielding efficiency is achieved with heavy metals like lead, tungsten or molybde- 
num which are therefore particularly suited for the production of thin shielding foils. 
Moreover, compositions comprising a pulverized absorption material embedded in a carrier 

15 like an epoxy resin may be used as shielding materials. In this case the absorption material 
may be a metal or a salt of a metal, the salts generally having the higher reflectivity with 
respect to photons. Preferably salts with a high density are used, for example: salts of 
barium like BaS0 4 (4,48 g/cm 3 , high reflectivity), BaCO a (4,43 g/cm 3 ), BaO (5,7 g/cm 3 ); 
salts of lead like PbC0 3 (6,56 g/cm 3 ), PbCl 2 (5,9 g/cm 3 ), PbS0 4 (6,2 g/cm 3 ); Ti0 2 

20 (4,23 g/cm 3 ) and/or ZnO (5,6 g/cm 3 ). The shielding efficiency of a composition is pri- 
marily determined by the relative volume of the absorption material; for a high shielding 
efficiency, as little carrier as possible should be used. 

When choosing a certain shielding material, the energy of the X-rays that are to be ab- 
25 sorbed should be taken into account, too. This is because different applications are cha- 
racterised by different X-ray energies, typically ranging from about 20 keV in mammogra- 
phy to about 512 keV in positron emission tomography (PET), and because the absorption 
properties of a material depends on radiation energy. The following two tables list the re- 
maining ratio of intensities I/I 0 (in photon numbers) of different absorption and carrier 
30 materials for a thickness of L 0 = 0.01 cm of the material. This ratio depends exponentially 
on the thickness L and a function ji of the radiation energy E according to the following 
formula: I/I 0 = exp(-L-ji(E)). 
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As not all regions of the processing circuit 4 require the same degree of protection from 
5 X-radiation, it is proposed to shape the shielding 3 with a varying effective thickness. Ef- 
fective thickness (or shielding effectiveness) is defined and measured in this case in the di- 
rection of arrival of the X-rays X or, in other words, orthogonal to the surface of the de- 
tector 10 (horizontal direction in the figures). In the embodiment represented in figures 1 
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and 2, the shielding 3 is for example formed as an L-shaped section or profile of thick- 
ness b. The branch 3b of the L contacting the processing circuit 4 has in this case an effec- 
tive thickness dl = b. The thickness b of the section is chosen high enough to prevent cross 
talk between neighbouring detector elements, while dl (in this case the same as b) is the 
5 minimum size for efficient X-ray shielding of less sensitive electronics. The branch 3a of the 
L projecting transversally away from the processing circuit 4 on the other hand has a much 
greater effective thickness d2 in order to protect the regions of the processing circuit 4 
located behind it with a much higher shielding effectiveness. Components of the processing 
circuit 4 that need such a high protection from X-radiation are for example sensitive 
10 analogue electronics, while components that require less protection and can be placed 

under the thinner branch 3b of the shielding 3 comprise e.g. "guarded capacitors" and the 
like. The dimensions b, dl, d2 of the shielding 3 have to be chosen as a best compromise 
between requirements regarding cross talk, X-ray shielding, reflection, and light output 
(scintillator volume). 

15 

The advantage of a shielding 3 of variable effective thickness is that its volume can be 
limited to the necessary minimum needed for a sufficient protection of the processing cir- 
cuit 4. The volume saved (with respect to a simple cuboid-shaped shielding) in this way can 
then be filled by scintillation material of the scintillation element 2. Thus the X-ray 
20 quantum X shown in figure 2 would for example be absorbed by a cuboid-shaped shielding 
of constant thickness. With the L-shaped shielding 3 of the present embodiment, however, 
this quantum X is converted into a photon v in the scintillation material 2, the photon v 
being able to reach the photodiode 5 where it is detected. Therefore, the detector quantum 
efficiency (DQE) of the detector 10 is increased. 

25 

The production of an X-ray detector 10 according to figures 1 and 2 is comparatively sim- 
ple since the shielding 3 can be produced by bending a stripe of lead. Moreover, a recess 
must be provided at the bottom of the scintillator element 2 in order provide a space for 
the branch 3b of the shielding 3. This recess can e.g. be made by milling of an initially 
30 cuboid-shaped scintillation crystal. Alternatively, two cuboid-shaped scintillation crystals of 
different heights (d2 and d2-dl) could be glued together. 



-9- 



PHDE030413 EPP 



An alternative embodiment of the invention is shown in figure 3 which depicts a similar 
view of a single detector element 1 1 as figure 2. Same components as in figure 2 are pro- 
vided with same reference signs and need not be explained again. The difference with re- 
spect to the embodiment of figures 1 and 2 is that the shielding 13 of the detector ele- 
5 ment 1 1 has the form of a wedge, i.e. a prism with triangular cross section. The thickness 
of the shielding 13 in front of the processing circuit 4 increases linearly from a minimum at 
the lower edge in figure 3 to a maximum at the upper edge in figure 3. The scintillator 
element 12 is complementarily shaped such that it joins in a gapless way with the shield- 
ing 13. This embodiment provides an increased volume for the conversion of X-ray quanta, 
10 too, while at the same time a sufficient protection of the electronics 4 is guaranteed. 



The shapes of shielding? with varying effective thickness shown in the figures are of course 
only examples of possible embodiments. The skilled artisan will be able to modify them 
and find other shapes of varying effective thickness that provide a larger volume for the 
15 scintillator and at the same time a sufficient protection of the electronics. Moreover, it is 
possible to (re-) design circuits in a detector element in such a way that their components lie 
under those parts of a shielding of given shape that provide just enough protection against 
radiation. 
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CLAIMS 



1. X-ray detector (10) with detector elements (1, 1 1) arranged in a layer, wherein every 
detector element (1, 11) comprises a sensor unit (5) and a processing circuit (4) coupled 
thereto, and wherein a shielding (3, 13) of variable shielding effectiveness is disposed in 
front of the processing circuit (4). 

5 

2. X-ray detector (10) according to claim 1, characterized in that the shielding (3, 13) has a 
variable effective thickness (dl, d2). 

3. X-ray detector according to claim 1, characterized in that a scintillator unit (2, 12) is 
10 disposed in front of each sensor unit (5). 

4. X-ray detector according to claim 3, characterized in that the scintillator unit (2, 12) and 
the shielding (3, 13) are arranged in a gapless way in a common layen 

15 5. X-ray detector according to claim 2, characterized in that the shielding is formed as a 
section (3, 13). 

6. X-ray detector according to claim 5, characterized in that the section consists of a spa- 
tially shaped strip (3). 

20 

7. X-ray detector according to claim 5, characterized in that the section (3) is L-shaped. 

8. X-ray detector according to claim 5, characterized in that the section (13) is trapezoidal 
or triangular. 

25 
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9. X-ray detector according to claim 1, characterized in that material of the shielding (3, 
13) contains at least one of the following substances: Pb, W, Mo, Ta, Ti, BaSO^ BaC0 3 , 
BaO, PbC0 3 , PbCl 2> PbS0 4 , Ti0 2 and/or ZnO. 

5 10. X-ray detector according to claim 9, characterized in that said material is embedded in 
a carrier, preferably an epoxy-resin. 

11. X-ray detector according to claim 1, characterized in that the sensor units (5) and the 
processing circuits (4) are arranged in a common layer. 

10 

12. X-ray detector (10) with detector elements (1,11) arranged in a layer, preferably X-ray 
detector according to claim 1, comprising a layer of scintillator units (2, 12) disposed in 
front of a layer of sensor units (5), the scintillator units (2, 12) being separated from each 
other by a shielding (3, 13) that has a high shielding effectiveness with respect to X-rays 

15 and a high reflectivity with respect to photons produced in the scintillator units (2, 12). 
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SUMMARY 

Shielding for an X-ray detector 

The invention relates to an X-ray detector with detector elements (1) arranged in a layer. 
The detector elements (1) contain a scintillator element (2) for the conversion of X-rays (X) 
5 into photons (v), a photodiode (5) for detection of the photons (v), and a processing 

circuit (4) for the processing of electric signals generated by the photodiode (5). In order to 
protect the electronics (4) from X-rays a shielding (3) of variable effective thickness (dl, d2) 
is disposed in front of the electronics (4). This shielding (3) can in particular be L-shaped. 
By reduction of the effective thickness of the shielding (3) to a necessary minimum the 
10 volume of the scintillator unit (2) can be maximized. 
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